can be efficiently constructed of pieces of wood, trunks andbranches as well asnatural stone.
In Polish literature there are several examples of restoration schemes implementations utilizing natural materials. One of them was the Kwacza river (Northern Poland) where a variety of measures were implemented to stimulate riverbed morphology enrichment. They utilised fallen trees as microhabitats for a variety organisms. Moreover, they used stones rip-rap on brush mattresses, wooden trunks and deflectors to diversify the flow and to create additional shelter for fish. To stabilize the riverbank trunks were implemented ( Figure 1 ). Several tons of gravel and sand were also deposited in the channel bed to stimulate salmonid's spawning [Obolewski et al. 2009 ].
The restoration scheme was also introduced in the Basin of Middle Biebrza in the triangle Jegrznia -Elk -Woźnawiejski Channel [Byczkowski and Okruszko 1996] , where a wide range of engineering measures utilising wood and stone material was utilised ( Figure 2 ). An example of the use of small hydrotechnical structures in restoration is the Rudnia River (lowland river in East Poland) [Jedryka 2003 ]. Rudnia had a strongly meandering character before drainage program was implemented in 1960's when it was regulated in the estuary reach. The concept of restoration assumed a natural connection between the main channel and its historic floodplain shift back with the previous shape and dimensions of the channel. It was achieved with a wide fascine installation for slope reinforcement and strengthening ( Figure 3) .
The use of a range of technical measures presented in the above examples, shows the efficiency of smallchannel structures river restoration. They are resistant and relatively easy to implement, and a wide range of available constructions ensures that the restoration scheme can be adopted to local conditions. Moreover, the use of natural materials is cheaper in many cases and is beneficial for local biodiversity [Żelazo and Popek 2002] .
Structures should never be viewed as a substitute of good riparian management and bank vegetation development, which are able to significantly decrease the destructive impact of flowing water. Such bioengineering techniques are especially efficient in riverbank erosion control, by strengthening and binding the soil particles with root system [Bolesta 1964 ]. The introduction of biological forms of bank protection is beneficial for the nature. The vegetation developing on riverbanks improves landscape and delivers habitat for many animal species. Moreover, the riverbank sward purifies the water mainly by sediment absorption and nutrient intake. The restoration efficiency caused by vegetation depends on species composition. Introduced plants should be resistant to variable water level, temporal or permanent submersion, sun exposure and water flow. Moreover, growth rate, competitiveness and surface coverage ability must be considered while selecting species for restoration schemes. Plants used for bank reinforcement should be characterized by [Bolesta 1964 ]: a strong root system, resistance to temporary flooding, availability on market and low cost of seed material, simple planting technology, rapid population growth, long growing season, resistance for cutting. The introduced species must also correspond to the existing local vegetation. The most popular species utilised in river bank reinforcement, besides willows and wickersare: Phalaris aroundinacea, Glyceria maxima, Schoenoplectus lacustris, Carex acuta, Phragmites australis, Typha latifolia, T. angustifolia, Sparganium erectum, Rumex hydrolapathum and Alnus glutinosa [Borys 2005 ].
Growing plants in river restoration are not limited to banks. Introducing vegetation inside the channel diversifies the flow and stimulates several fluvial processes connected with bank erosion and sediment deposition. This paper attempts to determine the impact of introduction small hydrotechnical structures consisting of vegetation on channel hydromrphology. The experiment was set up in the Flinta River in lowland Poland where extensive hydromorphological survey was carried. The introduced measures were originally designed structures called Plant Basket Hydraulic Structures (PBHS). Two year monitoring program provided information about their impact on river morphology.
The Flinta River
The Flinta River is a lowland river in Cen- 
METHODS
Basing on the Flinta and Wełna Rivers restoration program [Szoszkiewicz et al. 2014 ] a set of measures was introduced in 2014. First, a row of clumps of emerged plants (plant barriers) set in perforated containers was introduced named as: Plant Basket Hydraulic Structures (PBHS). These structures are relatively small but working like low crested weirs and changing the river flow pattern.
PBHS were introduced in the cross section km 0+100 near the village Rożnowo. Every container was made of plastic (dimensions 70x40x30 cm) and it was filled with river gravel and concrete blocks ( Figure 5 Before starting the experiment hydrometric measurements were completed across the transect without trays (Figure 3a) . Cross-sectional geometry was defined as well as the slope of surface The measurements can be carried out either continuously or as an averaged measurement over a predetermined time interval. Some of the measurements were carried out before the construction of the sediment traps and the remaining ones were taken after the installation of the 
RESULTS AND DISCUSSION
River bed alterations and changes of the hydraulic conditions just below introduced PBHS were detected in the result of direct measurements. Observed changes the river bed morphology between 25.09.2013 and 2.10.2014 are shown in the Figure 7 . Erosion and accumulation process of bottom material were recorded. Differences in the level of the riverbed were about 13 cm.
Considerable changes also involved the values of shear stress After the installation of the PBHS these values increased significantly ( Figure  8 (Fig 7a) , 25.09.2013 -shortly after introduction (Fig 7b) and 2.10.2014 -one year after introduction (Fig 7c) . Geometrical dimensions are given in metres Our studies proved that the proposed hydrotechnical structures with plant clumps (Plant Basket Hydraulic Structures) change the hydrodynamic conditions and lead to sediment accumulation and formation of river backwaters before and after the obstacle. The range of observed large erosion and accumulation of bottom material is considerable. Erosion and accumulation processes in the vicinity of water structures develop depending on the life of the facility, hydrological regime and morphology of the riverbed. Diversification of flow characteristics affects the segregation of bed sediment on section of period of weirs. It has examined, among others Bajkowski [2010] . The presence of vegetation zone in rivers and reservoirs influences on fluvial processes.
We have found that PBHS is a relatively lowcost approach of river restoration. It can be relatively easy and quickly installed. Moreover, due to its limited dimensions it does not increase flood risk. The degree of vegetation development and its vertical and horizontal dimensions influence the transport of suspended matter, as well as variation of its dynamics. The research of the suspended load transport in vegetation zone was conducted on a model in scale 1:1 [Pikul and Mokwa 2008] showing that vegetation may cause riverbed roughness changes, bed configuration changes, water level slope changes increase of riverbed erosion resistance and may also cause retention of considerable amount of suspended load transported in the river. The research of Witek [2012] has shown that the type, intensity and location of fluvial processes and forms are connected with natural elements. The influence of most hydraulic engineering constructions is only local and has no impact for functions of the whole river system. [Strayer et al. 2012] . We have shown the development of differentiated depth and flow velocity patches caused by the PBHS. In this way the positive impact of PBHS on river diversity was shown and their usefulness for river restoration was confirmed.
CONCLUSIONS
1. The proposed hydrotechnical structures with plant clumps (Plant Basket Hydraulic Structures) change the hydrodynamic conditions and lead to sediment accumulation and formation of river backwaters before and after the obstacle.
2. The erosion and the accumulation processes of bottom material was detected causing the differences in the level of the bottom by about 13 cm. 
